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(37) ABSTRACT

An apparatus for failsate disconnection of an electrical load
has a first and at least one second safety switching device.
The first safety switching device has a first evaluation and
control unit, an output and an electronic switching element,
for producing a potential-related switching signal at the
out-put under the control of the first evaluation and control
umt. The second safety switching device has a second
evaluation and control unit and an input. The 1input and the
output are connected to one another via a single-channel
connecting line, and the input supplies the second evaluation
and control unit with the potential-related switching signal
from the output of the first safety switching device. In order
to fulfill safety standards for such kind of apparatus, the
second safety switching device has at least two input circuits
to which the potential-related switching signal from the
output of the first safety switching device 1s supplied 1n a
mutually redundant manner.
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APPARATUS FOR FAIL-SAFELY
DISCONNECTING AN ELECTRICAL LOAD:;
IN PARTICULAR IN INDUSTRIAL
PRODUCTION PLANTS

RELATED APPLICATIONS

The present application 1s a continuation of 1nternational
patent application PCT/EP03/02903 filed Mar. 20, 2003 and

published as WO 03/085313 in German language, which
claims a priority under the Paris convention from German
patent application DE 102 16 226.3 filed on Apr. 8, 2002.

BACKGROUND OF THE INVENTION

The present invention generally relates to an apparatus for
tail-safely disconnecting an electrical load, and more par-
ticularly to an apparatus having a first and at least one
second safety switching device. The invention also relates to
safety switching devices for use 1n such an apparatus.

Safety switching devices are particularly used in mdus-
trial production environments in order to reliably and safely
disconnect machines, such as a hydraulic press or a milling
machine, when this 1s necessary for the safety of operators,
or for other reasons. Safety switching devices of this generic
type typically have one or more mput terminals, to which
input devices such as emergency-stop buttons, two-hand
operator buttons, guard doors or light barriers can be con-
nected. An evaluation and control unit evaluates the input
signals from these mput devices i a failsafe manner and
produces a switching signal on an output side as a function
of them, once again 1n a failsafe manner. The switching
signal controls actuators, 1n particular contactors, by means
of which the machine 1s disconnected, once again 1n a
failsafe manner.

The term “failsate” 1n this context means that disconnec-
tion of the machine must be ensured in all circumstances,
and even when a functional fault occurs within the chain
comprising the input device, the safety switching device and
the actuator. Safety switching devices must therefore be
designed such that they ensure that the machine being

monitored 1s always 1n a sale state, even 1n the event of

tailure of a component, in the event of cable breaks, or 1n the
event of other malfunctions. Accordingly, the term safety
switching device 1n this context refers only to those devices

and appliances which comply at least with Category 3 of

European Standard EN 954-1, or comparable requirements.

Conventionally, safety switching devices of this generic
type have until now and are still often designed with discrete
components and with electromechanical switching elements
(relays). Only 1n the last few years have changes been made
to designing safety switching devices which also make use
of electronic components and, 1 particular, electronic
switching elements (bipolar and/or field-eflect transistors).
WO 01/67610 Al discloses safety switching devices and
apparatuses with combined safety switching devices which
produce potential-related switching signals at the output. In
contrast to this, conventional safety switching devices use
floating outputs. Owing to the potential-related outputs, it 1s
no longer useful to connect the outputs of two or more safety
switching devices according to WO 01/67610 Al 1n series
with one another 1n order to implement an apparatus com-
prising a plurality of safety switching devices. WO 01/67610
Al therefore proposes a new approach of combining safety
switching devices having potential-related outputs. In this
approach, the potential-related outputs of a first safety
switching device are connected to specific inputs of a
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downstream, second safety switching device. This results 1n
an apparatus which can be used in a very flexible and
versatile manner. However, 1n the case of the apparatus of
WO 01/67610 Al, at least two potential-related outputs of
the first safety switching device have to be connected in
parallel with at least two corresponding inputs of the second
safety switching device in order to achieve maximum fail-
safety.

DE 100 37 737 Al discloses a method and an apparatus
for safe single-channel evaluation of sensor signals. In this
case, specific redundant signals are derived from redun-
dantly produced sensor signals. All the signals are then
digitized, are converted to a single-channel digital signal,
and are transmitted to a higher-level processing umt. How-
ever, this method 1s not suitable for a combination of two or
more safety switching devices of the type described above to

form a system of safety switching devices as 1s known from
WO 01/67610 Al.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
apparatus having combined safety switching devices which
can be installed and connected in a simpler and faster
manner, such that quicker installation in a production system
1s enabled.

It 1s another object to provide safety switching devices
that allow a simpler and less costly installation 1 an
combination of safety switching devices.

According to one aspect of the invention, this object 1s
achieved by an apparatus having a first and at least one
second safety switching device each operatively connected
to at least one of the electrical loads, with the first safety
switching device comprising a first evaluation and control
unit, an output and an electronic switching element for
producing a potential-related switching signal at the output
under the control of the first evaluation and control unait, the
potential-related switching signal activating or de-activating,
at least one of the electrical loads, with the second safety
switching device comprising an mput and a second evalu-
ation and control unit operatively connected to the mput for
receiving the potential-related switching signal, wherein the
output and the mput are connected to one another via a
single-channel connecting line, and wherein the second
safety switching device comprises at least two 1nput stages
to which the potential-related switching signal 1s supplied
redundantly with respect to one another, the two 1nput stages
cach monitoring the potential-related switching signal
redundantly with respect to one another.

According to another aspect, this object 1s achieved by an
apparatus for fail-safely disconnecting an electrical load, the
apparatus having a first and at least one second safety
switching device, with the first safety switching device
comprising a {irst evaluation and control unit, an output and
an electronic switching element for producing a potential-
related switching signal at the output under the control of the
first evaluation and control unit, with the second safety
switching device comprising an input for receirving the
potential-related switching signal, the output and the input
being connected to one another via a single-channel con-
necting line, wherein the second safety switching device
comprises at least two mput circuits to which the potential-
related switching signal 1s supplied redundantly with respect
to one another.

According to yet another aspect, there 1s provided a safety
switching device for fail-safely disconnecting an electrical
load, having an mput for receiving a potential-related
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switching signal, having at least two input stages for evalu-
ating the potential-related switching signal, and having an
output for disconnecting the load as a function of the
potential-related switching signal, wherein the two input
stages are configured to evaluate the potential-related
switching signal redundantly with respect to one another.

According to yet another aspect, there 1s provided a safety
switching device for fail-safely disconnecting an electrical
load, having an evaluation and control unit, an output and an
clectronic switching element configured to produce a poten-
tial-related switching signal at the output under the control
of the evaluation and control unit, wherein the output 1is
designed with a single channel output for connection to a
single-channel connecting line.

The 1nvention 1s based on the surprising discovery that
adequate failsafety can be ensured even with a single-
channel connecting line between the first and the second
switching devices. This was most unexpected, since absolute
redundancy 1n all circuit components was unanimously
regarded as being necessary for the design and construction
of safety switching apparatuses. However, in the present
case, the connecting line between the two safety switching
devices may be a single-channel line since safety-critical
situations resulting from component failures and the like are
dealt with 1n a different way. Specifically, if one or more
contactors 1s or are also connected to the single-channel
connecting line 1n addition to the second safety switching
device, the connection and disconnection of the contactors
can be momitored 1n a failsate manner by feeding back the
interlocked auxiliary contacts of the contactors in a manner
known per se to an input of the first safety switching device.
In this situation, there 1s no need to connect the contactors
to two separate, redundant connecting lines.

If, in contrast, no contactors are connected to the signal-
channel connecting line 1n a practical implementation, it 1s
not possible to monitor the potential-related switching signal
at the output of the first switching device. However, 1t has
been found that there 1s no need for such momitoring 1n this
situation, since a switching process now takes place only at
the output of the second safety switching device. It 1s thus
suilicient to evaluate the potential-related switching signal at
the input of the second switching device 1n a failsafe manner,
1.e. generally by means of two channels. The second safety
switching device accordingly comprises at least two mutu-
ally redundant input circuits here.

In the case of the novel apparatus, the first and the second
safety switching devices are thus now connected to one
another only via the single-channel connecting line, thus
reducing the installation wiring complexity. Installation can
thus be carried out more easily and quickly. Furthermore, the
first safety switching device requires fewer output terminals,
and the second safety switching device requires fewer mput
terminals. In consequence, the physical size of the safety
switching devices can be reduced, or terminals are available
for other purposes, 1f the physical size 1s the same. The
present invention thus also leads to cost reductions 1n the
design and production of safety switching devices according
to the invention.

In a preferred refinement, the first safety switching device
comprises a modulator which provides the potential-related
switching signal with a steady-state signal component and a
dynamic signal component.

In this refinement, the first safety switching device 1s able
to apply two autonomous signal immformation items to the
switching signal, which 1s transmitted on only one channel.
This makes 1t possible to transmit mutually redundant infor-
mation to the second safety switching device despite the
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connecting line having only a single channel. Admattedly,
this 1s not absolutely essential for failsate implementation,
even for the (most stringent) Safety Category 4 1n European
Standard EN 954-1, for the reasons already explained above,
but i1t simplifies an 1nstallation such as this. In particular, this
refinement allows greater flexibility for the external connec-
tion of actuators, 1 particular contactors, to the safety
switching device. The installation of the novel apparatus 1s
thus even further simplified.

In a further refinement, the steady-state signal component
1s a positive signal level, and the dynamic signal component
includes at least one cyclically repeated pulse which changes
the positive signal level. In principle, the pulse may be
positive or negative. The duration of the cyclically repeated
pulse 1s preferably very short in comparison to the time
during which the potential-related switching signal 1s at the
positive signal level. Pulse durations of 1 millisecond or less
have been found to be advantageous in practical experi-
ments.

This refinement allows contactors to be connected
directly, 1.e. without further interface circuits, to the single-
channel connecting line between the first and the second
satety switching device. The second safety switching device
and, 1 applicable, further downstream safety switching
devices can thus initiate switching processes which do not
influence the afore-mentioned contactors. This allows
simple design of a hierarchical control system, by means of
which different parts of an overall system can be discon-
nected in different groups. For example, this means that 1t 1s
possible to disconnect power from the entire machine sys-
tem on operation of an emergency stop switch which 1s
connected to the first switching device, while only a valve or
a single drive 1s disconnected on opening of a guard door
which 1s connected to a second safety switching device.
Provided that the duration of a single pulse 1s short in
comparison to the tripping time of the contactors that are
used, the switching function of the contactors 1s not intlu-
enced by the dynamic signal component, even if the pulses
are negative.

In a further refinement, the at least two input circuits of
the second safety switching device have at least two mutu-
ally redundant threshold value comparators.

In this refinement, the second safety switching device
essentially evaluates the steady-state signal component, 1n
particular the signal level applied to the potential-related
switching signal. Owing to the redundancy, this evaluation
1s carried out here in such a way as to comply with the
requirements for Category 4 of EN 954-1. This measure
represents a simple and cost-eflective option for achieving a
high degree of failsatety despite the connecting line having
only a single channel.

In a further refinement, at least one input circuit has a
threshold value comparator, and another mput circuit has a
pulse detector.

In this refinement, the second safety switching device 1s
able to evaluate both a steady-state signal component and a
dynamic signal component of the potential-related switching
signal. Accordingly, the second safety switching device of
this refinement 1s particularly suitable for complete evalu-
ation ol redundant signal information which 1s transmaitted
from the first safety switching device on a single channel.
This measure represents a further simple option for ensuring
the desired failsafety of the entire arrangement. Furthermore
in this refinement, the evaluation 1s carried out with diver-
sity, which, as 1s known, leads to an even higher degree of
fail-safety.
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In a further refinement, the first satety switching device
has at least one threshold value comparator, preferably at
least two mutually redundant threshold value comparators.
The threshold value comparator or comparators 1s or are
supplied on the input side with the potential-related switch-
ing signal, and 1s or are connected on the output side to the
first evaluation and control unit.

In this refinement, the first safety switching device 1s able
to monitor the level of the potential-related switching signal
at the output by itself. In the preferred refinement, this even
complies with the requirements of Category 4 of EN 954-1,
owing to the mutually redundant threshold value compara-
tors. The refinement makes 1t easier to connect external
contactors to the single-channel connecting line since cor-
respondingly fewer external safety measures need be imple-
mented.

In a further refinement, at least two external switching
clements, in particular contactors, are also connected to the
single-channel connecting line.

In this refinement, the novel apparatus makes use of the
advantages already explained above. The refinement allows
simple design of a hierarchical control system, in which the
individual hierarchy levels are determined simply by the
position of the external switching elements 1n the chain of
the safety switching devices. This avoids programming
eflort, 1n comparison to complex satety control systems.

In a further refinement, the external switching elements
are electromechanical switching elements, each having at
least two interlocked switching contacts.

This refinement also benefits from the advantages already
explained above. In this refinement, the interlocked auxiliary
contacts can very easily be used for additional feedback to
the mput of the first safety switching device, thus further
increasing the degree of failsafety of the entire apparatus.

In a further refinement, one of the interlocked switching
contacts 1s connected to one iput of the first satety switch-
ing device.

This refinement advantageously makes use of the capa-
bilities provided by iterlocked auxiliary contents. An appa-
ratus which complies with the requirements for the (most
stringent) Safety Category 4 i EN 954-1 or comparable
requirements can thus be produced in a particularly simple
mannet.

In a further refinement, the external switching elements
are connected to a reference ground potential separately
from the first safety switching device.

In this refinement, the external switching elements are
connected to a ground rail or the like, separately from the
first safety switching device. As an alternative to this, 1t 1s 1n
principle possible (as 1s frequently done in practice) to
connect external switching elements to the reference ground
potential (ground) via one terminal on the first satety switch-
ing device. In comparison to this, the preferred refinement
oflers better safety since, in this case, an inadvertent switch-
ing reaction of the second safety switching device is pre-
cluded even without any additional safety measures, such as
the use of redundant signal information. The degree of
failsafety of the entire apparatus 1s thus further increased.

In a further refinement, the second safety switching device
has at least one further input for reception of a further
switching signal, and has a logic unit which logically
interconnects the further switching signal and the potential-
related switching signal.

The logic operation 1s preferably an AND operation,
although 1t may also be an OR operation, or any other logic
operation. The second safety switching device interconnects
the further switching signal, which 1s produced, for instance,
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by an external input device or by another safety switching
device, to the potential-related switching signal of the first
safety switching device. This refinement allows a very
flexible implementation of the novel apparatus, with a large
number of variants.

It goes without saying that the features which have been
mentioned above as well as those which will be explained in
the following text can be used not only in the respectively
stated combination but also 1n other combinations or on their
own without departing from the scope of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be
explained 1n more detail 1n the following description and are
illustrated 1n the drawing, 1n which:

FIG. 1 shows an exemplary embodiment of an apparatus
according to the mvention, illustrated schematically,

FIG. 2 shows details of the first and second safety
switching devices 1n the exemplary embodiment shown 1n
FIG. 1, and

FIG. 3 shows details of the first and second safety
switching devices 1n a further exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
vy

ERRED

In FIG. 1, reference number 10 denotes an apparatus
according to the mvention 1n 1ts totality.

In the present embodiment, the apparatus 10 comprises
three safety switching devices 12, 14, 16, which are com-
bined to form a safety switching device system, in the
manner which will be explained 1n the following text. The
safety switching device 12 1s a first safety switching device
based on the terminology of the present invention, and it has
an iput 18 to which, 1n this case, an emergency stop button
20 1s connected via two channels. A further mput 1s anno-
tated with the reference number 22. A feedback signal 1s
connected to this mput 1n a manner which will be described
in more detail 1n the following text.

The safety switching device 12 furthermore has a single-
channel output 24, to which a single-channel connecting line
26 1s connected.

In principle, the safety switching device 14 1s physically
similar to the safety switching device 12. However, 1t differs
from the latter 1in details, 1n particular by in this case being
designed for connection of a guard door. For this purpose,
the safety switching device 14 has an mput 28 to which a
guard 30 1s connected via two channels. A further input 1s
designated with reference number 32. Input 32 1s designed
as a single channel mput, and 1t 1s connected via the
connecting line 26 to the output 24 of the satety switching
device 12.

Consequently, safety switching device 14 1s here a second
safety switching device 1n terms of the present invention.
Furthermore, however, safety switching device 14 also has
the function of a first safety switching device in terms of the
present invention, since 1t 1s 1n turn connected upstream of
safety switching device 16.

Safety switching device 14 likewise has a single-channel
output, which in this case 1s designated with reference
number 34. A connecting line 36, which once again 1s in the
form of a single channel, 1s connected to the output 34.

The design of safety switching device 16 corresponds to
that of the safety switching device 14. In the present
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embodiment, 1t 1s once again a guard door monitoring
device. Accordingly, 1t has an input 38 to which a guard 40
1s connected, once again via two channels. A further input 1s
designated by reference number 42. Input 42 1s designed as
a single channel, and it 1s connected via connecting line 36
to the output 34 of the safety switching device 14. A
single-channel output of the safety switching device 16 1s
designated by reference number 44. A single-channel con-
necting line 46 1s connected to the output 44. A further input
1s designated by reference number 48, and 1s used {for
teedback, 1n a manner which will be explained 1n more detail
in the following text.

The configuration of the safety switching devices 12, 14,
16 as emergency stop or guard door monitoring devices
should 1n this case be regarded only as being by way of
example. They could equally well be 1n the form of two-
handed button monitoring devices, rotation or speed moni-
toring devices, light barrier monitoring devices, or any other
safety-based switching devices. Furthermore, the switching
devices could also have an integrated sensor function. For
example, the first safety switching device could be the
output stage of a light barrier.

All of the safety switching devices mentioned above have
turther inputs and outputs 1n practice, although these are not
all shown here for the sake of clarity. These imnputs are used,
inter alia, for connection of an operating voltage U, and for
connection of a reference ground potential (ground). Fur-
thermore, for example, safety switching device 14 has a
turther input, which 1s not shown here but corresponds to the
respective mput 22 or 48 of the switching devices 12 and 16.

In the embodiment shown, two contactors K1 and K2 1n
parallel are connected to the single-channel connecting line
26, and they are referred to 1n the following text by reference
numbers 50 and 52. Fach second terminal of contactors 50,
52 1s connected to the reference ground potential (ground)
separately from the first safety switching device 12. Thus
implementation 1s not absolutely essential for the embodi-
ment shown here. Contactors 50, 52 could likewise be
connected to the ground terminal of safety switching device
12, as 1s shown 1n FIG. 2.

Contactors 50, 52 each have at least one main contact 54
and one auxiliary contact 56, which are rigidly connected to
one another 1n a manner which 1s known per se (interlocked
or positively-guided contacts). As usual, main contact 54 1s
in the form of a make contact (normally open), while
auxiliary contact 56 1s 1n the form of a breakthrough contact
(normally closed). The main contacts 34 of contactors 50, 52
are arranged 1n series with one another.

An element to be disconnected, for example a pump drive
for a hydraulic press, 1s connected to one end of the series
circuit. A supply voltage U, for the pump drive 1s connected
to the other terminal of the series circuit, and can be
disconnected 1n a failsate manner by means of the main
contacts 54 of the contactors 50, 52.

The auxiliary contacts 56 of the contactors 50, 52 are
likewise connected 1n series. The operating voltage U, 1s
applied to one end of this series circuit. The other end of this
series circuit 1s connected to the mput 22 of the safety
switching device 12. Since the contacts are interlocked, the
satety switching device 12 can check the switching position
of the contactors 50, 52.

Two further contactors K3, K4 are connected 1n parallel in
a corresponding manner to connecting line 46 at the output
of switching device 16. Contactors K3, K4 are referred to 1n
the following text by reference numbers 60, 62. The main
and auxiliary contacts 54 and 56, respectively, of contactors
60, 62 are once again connected 1n series. The main contacts
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54 are connected to another element that 1s to be discon-
nected, 1n this case, for example, a valve 64, and to a supply
voltage U,. In a similar manner to that in the case of the
switching device 12, the auxihary contacts 56 feed an
operating voltage U, back to the input 48 of the safety
switching device 16.

In the present case, apparatus 10 1s used for safe discon-
nection of a hydraulic press. If emergency stop button 20 1s
operated, contactors 30, 52 disconnect the pump drive 58,
1.e. the press (which 1s not illustrated here) 1s shut down
completely. If, in contrast, one of the two guard doors 30, 40
1s opened, only valve 64 1s disconnected (closed) via the two
contactors 60, 62. In this case, the pump drive 58 remains 1n
operation. The apparatus 10 thus provides a hierarchical
control system without complex programming measures, 1n
which different control elements influence different func-
tional areas of the press being monitored.

It goes without saying that, in other exemplary embodi-
ments, the apparatus 10 may contain a considerably greater
number of safety switching devices 12, 14, 16, which are
combined with numerous control elements and sensors
(emergency stop buttons, two-handed buttons, guard doors,
rotation sensors etc.) as well as actuators (contactors or the
like). One characteristic feature 1n this case 1s the capability
to connect the switching devices to one another via single-
channel connecting lines 26, 36, 46. Depending on the
requirement, actuators may be connected to the single-
channel connecting lines, for example the contacts 50, 52
and 60, 62 as 1illustrated 1n FIG. 1.

In the following description of further details of the
apparatus 10 and of further exemplary embodiments, same
reference symbols denote the same elements as 1 FIG. 1.

FIG. 2 shows the switching devices 12 and 14 schemati-
cally, with a number of details, essentially illustrating the
output-side part of the switching device 12, for clarity
reasons, while the iput-side part of the switching device 14
1s 1llustrated.

The safety switching device 12 has a two-channel evalu-
ation and control unit 70 which, according to a preferred
exemplary embodiment, includes two diflerent microproces-
sors 72a, 726 (diversity). Reference number 74 denotes a
switching element combination which 1n this case 1s formed
from an electromechanical switching element (a relay 76)
and an electronic switching element (a field-eflect transistor
78) connected 1n series. In principle, a further electronic
switching element could also be used here, instead of the
relay. Furthermore, the electronic switching elements may
also be bipolar transistors.

Reference number 80 denotes a threshold value compara-
tor which, 1n the exemplary embodiment illustrated here,
also contains an upstream low-pass filter. Threshold value
comparator 80 allows the evaluation and control unit 70 to
monitor the steady-state signal level of the switching signal
at the output 24 of the safety switching device 12.

Retference number 82 symbolically represents the internal
resistance of the safety switching device 12. As those skilled
in the art will be aware, this internal resistance does not exist
as a single physical entity 1n the satfety switching device 12,
but represents the resultant magnitude of the totality of all
the components which do exist. The internal resistance 82 1s
significant 1n the subsequent analysis ol possible faults
which could adversely aflect the failsafety of the apparatus
10.

Reference number 84 denotes another resistor 84, which
1s likewise 1llustrated only schematically here. Resistor 84
connects the drain connection of the field-eflfect transistor 78
to the reference ground potential. In a preferred embodi-
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ment, resistor 84 1s a component of the filter circuit that 1s
integrated 1n the threshold value comparator 80. However,
this 1s not necessary for all exemplary embodiments. Resis-
tor 84 1s essentially illustrated here i1n order to indicate that
a switching signal which 1s related to ground potential and
1s produced with the aid of the field-eflect transistor 78 is
produced at the output 24 of the switching device 12. In the
present exemplary embodiment, the potential-related
switching signal at the output 24 1s either at a high level,
which corresponds essentially to the operating voltage U,
or 1s at a low level, which corresponds essentially to the
ground potential.

The safety switching device 14 has a second evaluation
and control unit, which 1s annotated here by reference
number 86. The evaluation and control unit 86 likewise has
two different microprocessors 88a, 885, whose design and
overall function correspond 1n principle to the evaluation
and control unit 70 1n the first safety switching device 12.
The differences are essentially the special way in which the
input devices connected to the inputs are evaluated. Fur-
thermore, evaluation and control unit 86 1s in this case
described primarily with respect to 1ts involvement 1n the
reading of the potential-related switching signal, while the
description of the evaluation and control unit 70 1n this case
relates primarily to the production of this switching signal.

Reference numbers 90 and 92 denote two mutually redun-
dant mput circuits or stages, to which the potential-related
switching signal applied to the mput 32 1s supplied 1n
parallel. The switching signal 1tself 1s annotated with refer-
ence number 94 1 FIG. 2.

In this case, switching signal 94 has a steady-state signal
component and a dynamic signal component. The steady-
state signal component 1s the high level already mentioned
above, by means of which, inter alia, the contactors 50, 52
are also activated. The high level 1s interrupted by brief
negative pulses of duration T 5, which are produced with the
aid of the evaluation and control unit 70 by approprate
keying of the field-eflect transistor 78. The pulse duration T
1s 1n this case shorter than the tripping time of the contactors
50, 52, so that the switch position of the contactors 50, 52
1s not influenced by the pulses. According to a preferred
embodiment, the pulses which are superimposed on the
steady-state signal component are disconnection pulses, as
are already known {for safety switching devices of this
generic type having semiconductor outputs. In the case of
safety switching devices of this generic type, the disconnec-
tion pulses are used 1n order to make 1t possible to internally
check the disconnection capability of the safety switching
device 12.

According to another preferred embodiment, the evalua-
tion and control unit 70 produces the pulses 1n accordance
with a predetermined scheme, 1n the sense of pulse code
modulation and/or pulse duration modulation. In one
embodiment, the individual pulse sequences represent num-
bers, which are initially incremented and then decremented
again. Overall, the potential-related switching signal may 1n
this way be provided with redundant information, whose
plausibility 1s checked by the second safety switching device
14 1 order to achieve even better failsafety. The first
evaluation and control unit 70 also carries out a modulator
function for this purpose.

The first input circuit 90 of the second safety switching
device 14 contains a pulse detector, which just evaluates the
pulses contained in the switching signal 94. Each pulse
results 1 an mterrupt being triggered which starts a prede-
termined interrupt routine in the evaluation and control unit
86. The input circuit 92 in the present embodiment 1n

10

15

20

25

30

35

40

45

50

55

60

65

10

contrast contains a threshold value comparator 92, similar to
the threshold value comparator 80. The switching threshold
of the threshold value comparator 92 1s, however, consid-
erably higher than that of the threshold value comparator 80,
and 1t corresponds essentially to the high level of the
switching signal 94.

The method of operation of the two safety switching
devices 12 and 14 1s, for the purposes of the apparatus 10,
as follows:

When the system being monitored, 1.e. the hydraulic press
in the example shown 1n FIG. 1, 1s operating normally, the
safety switching device 12 produces switching signal 94,
which 1s illustrated 1n FIG. 2 and has a steady-state signal
component corresponding to the high level. Contactors 50,
52 are thus activated, and the pump drive 58 operates. The
satety switching device 14 uses the two mput circuits 90, 92
and the evaluation and control unit 86 to evaluate the
switching signal 94, and produces a comparable switching
signal at 1ts output (not illustrated here). This 1s supplied to
the third safety switching device 16, as shown in FIG. 1.
Satety switching device 16 1n turn and in a comparable
manner produces a further switching signal 94, on the basis
of which contactors 60, 62 are activated, so that valve 64 1s
also opened.

If now the emergency stop button 20 1s operated, or the
evaluation and control unit 70 identifies an internal fault 1n
the safety switching device 12, the evaluation and control
unit 70 switches off the field-eflect transistor 78. In conse-
quence, switching signal 94 assumes a steady-state low
level, and this 1s detected 1n the safety switching device 14
with the aid of the input circuit 92. The evaluation and
control unit 86 then switches off the switching element
combination associated with 1t (not illustrated here). The
disconnection signal 1s then passed to the third safety
switching device 16, which then disconnects th contactors
60, 62. The entire momtored system 1s thus disconnected
alter operation of the emergency stop button 20.

If one of the two guard doors 30, 40 1s operated instead
of the emergency stop button 20, the safety switching device
14, 16 connected to 1t switches the switching signal pro-
duced at 1ts output to the low level. This once again results
in all the subsequent components 1n the chain being discon-
nected. Those components which are upstream of the deac-
tivated safety switching device, 1.e. the safety switching
device 12 and the contactors 50, 52 in the embodiment
shown 1n FIG. 1, remain activated, however.

The evaluation and control unit 70 in the first safety
switching device 12 can check the success of the discon-
nection process on the one hand with the aid of the threshold
value comparator 80 and on the other hand on the basis of
the auxiliary contacts 56 of the contactors 50, 52, which are
fed back to the mput 22. The switch position of the contac-
tors 50, 52 1s here also checked during the disconnection
process, on the basis of the auxiliary contacts. This allows
single-fault safety monitoring of the disconnection process
at the output of the safety switching device 12. If, by way of
example, field-ellect transistor 78 cannot draw the potential
at the output 24 to ground despite the disconnection com-
mand from the evaluation and control unit 70, the evaluation
and control unit 70 can carry out the disconnection process
redundantly, with the aid of the relay 76. Both the discon-
nection process and 1ts monitoring are thus entirely based on
two channels.

Safety switching device 14 likewise uses two channels to
evaluate the presence or absence of the switching signal 94.
Single-fault safety 1s therefore ensured in the sense of
Category 4 of EN 934-1 overall.
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FIG. 3 illustrates details of another embodiment, whose
fundamental design again corresponds to that in FIG. 1.
Same reference symbols once again denote the same ele-
ments as before.

In contrast to the exemplary embodiment shown in FIG.
2, first safety switching device 12 in this case has two
mutually redundant threshold wvalue comparators 100a,
10056. Furthermore, second safety-switching device 14 has
two 1put circuits 102a, 1025, which each have one thresh-
old value comparator. The threshold value comparators
100a, 1005 are set, redundantly with respect to one another,
to a switching threshold which 1s slightly above but close to
0 V (approximately equal to ground potential). The thresh-
old value comparators 1n the input circuits 102q, 1026 are
set, redundantly with respect to one another, to a switching
threshold which corresponds approximately to the high level
of the switching signal that 1s produced by the safety
switching device 12. Since both threshold value monitoring
processes are based on two channels, this once again
achieves single-fault safety. Thus, in principle, there 1s no
need either for the production and evaluation of dynamic
signal components, 1.¢. pulses superimposed on the switch-
ing signal, or for feeding back the auxiliary contacts 56 of
the contactors 50, 52. However, these measures which are
shown 1 FIGS. 1 and 2 may also be used 1n addition to the
implementation illustrated 1n FIG. 3. Furthermore, a com-
bination of the alternatives shown here 1s possible. For
example, i further exemplary embodiments, the output of
the safety switching device 12 can be designed as 1llustrated
in FIG. 2, while the mput of the satety switching device 14
corresponds to that shown 1n FIG. 3. Furthermore, the output
of the safety switching device 12 may correspond to the
illustration shown in FIG. 3 with the dynamic signal com-
ponents being produced 1n the switching signal with the aid
of the evaluation and control unit 70, or with the aid of a
modulator, which 1s not illustrated here. The safety switch-
ing device 14 then corresponds to the alternative 1llustrated

in FIG. 2.

These various permutations are subject to a restriction 1t
the ground potential of the contactors 50, 32 i1s connected to
the ground connection of the safety switching device 12, as
1s illustrated 1n FIG. 2. In this case, 11 the ground connection
1s lost as a result of a cable break, as indicated by arrow 104
in FIGS. 2 and 3, a current could flow into the mput 32 of
safety switching device 14 via the internal resistance 82 of
satety switching device 12 and via contactors 30, 52; and
this even in the case that output 24 of safety switching
device 12 1s disconnected (switching signal at low level). In
consequence, safety switching device 14 and all of the
downstream safety switching devices would not be discon-
nected, even though safety switching device 12 has been
disconnected. This fault can be prevented by connecting the
contactors 50, 52 to the ground potential separately from the
first safety switching device 12. Alternatively, and/or 1n
addition, this fault can also be covered by using the pulse
detector 90 to evaluate dynamic signal components 1n the
switching signal 94.

Finally, for the sake of completeness, it should be men-
tioned that the safety switching device 12, in the same way
as the other switching devices 14, 16, may have two or more
single-channel outputs of the type described here. This 1s
indicated i FIGS. 2 and 3 by the schematically illustrated
output 106. Further safety switching devices and/or further
contactors may be connected to the output 106, and are
driven by the evaluation and control unit 70 independently
of those components which are connected to the output 24.
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Furthermore, 1t 1s generally possible to combine the
exemplary embodiments described here with implementa-
tions as disclosed in WO 01/67610 A1 which 1s incorporated

here by reference.

What 1s claimed 1s:

1. In an industnial production plant having a plurality of
clectrical loads, an apparatus for fail-safely disconnecting at
least one of the electrical loads 1n order to prevent hazards
originating from the production plant, the apparatus having:

a first and at least one second safety switching device each

operatively connected to at least one of the electrical
loads,

with the first safety switching device comprising a first

evaluation and control unit, an output and an electronic
switching element for producing a potential-related
switching signal at the output under the control of the
first evaluation and control unit, the potential-related
switching signal activating or de-activating at least one
of the electrical loads,

with the second safety switching device comprising an

iput and a second evaluation and control unit opera-
tively connected to the input for recerving the potential-
related switching signal,

wherein the output and the mput are connected to one
another via a single-channel connecting line, and

wherein the second safety switching device comprises at
least two 1nput stages to which the potential-related
switching signal 1s supplied redundantly with respect to
one another, the two mput stages each momtoring the
potential-related switching signal redundantly waith
respect to one another.

2. The apparatus of claim 1, wherein the at least two 1nput
stages comprise at least two mutually redundant threshold
value comparators for monitoring a signal level of the
potential-related switching signal.

3. The apparatus of claim 1, wherein at least one 1nput
stage comprises a threshold value comparator for monitoring,
a signal level of the potential-related switching signal, and
another input stage comprises a pulse detector for detecting
signal pulses of the potential-related switching signal.

4. An apparatus for fail-safely disconnecting an electrical
load, the apparatus having a first and at least one second
safety switching device, with the first safety switching
device comprising a first evaluation and control umt, an
output and an electronic switching element for producing a
potential-related switching signal at the output under the
control of the first evaluation and control unit, with the
second safety switching device comprising an input for
receiving the potential-related switching signal, the output
and the mput being connected to one another via a single-
channel connecting line, wherein the second safety switch-
ing device comprises at least two input circuits to which the
potential-related switching signal 1s supplied redundantly
with respect to one another.

5. The apparatus of claim 4, wherein the first safety
switching device turther comprises a modulator which pro-
vides the potential-related switching signal with a steady-
state signal component and a dynamic signal component.

6. The apparatus of claim 5, wherein the steady-state
signal component 1s a positive signal level, and the dynamic
signal component includes at least one cyclically repeated
pulse for changing the positive signal level.

7. The apparatus of claim 4, wherein the at least two 1nput
circuits comprise at least two mutually redundant threshold
value comparators.
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8. The apparatus of claim 4, wherein at least one nput
circuit comprises a threshold value comparator, and another
input circuit comprises a pulse detector.

9. The apparatus of claims 4, wherein the first safety
switching device further comprises at least one threshold
value comparator having an mput side where the potential-
related switching signal 1s fed back to, and having an output
side connected to the first evaluation and control unit.

10. The apparatus of claim 9, wherein the first safety
switching device comprises at least two mutually redundant
threshold value comparators, with each redundant threshold
value comparator being fed back with the potential-related
switching signal.

11. The apparatus of claim 4, further comprising at least
two external switching elements connected to the single-
channel connecting line.

12. The apparatus of claim 11, wherein the external
switching elements are electromechanical switching ele-
ments, each having at least a first and a second switching,
contact which are mutually 1nterlocked.

13. The apparatus of claim 12, wherein each first switch-
ing contact 1s connected to the first satety switching device.

14. The apparatus of claim 11, wherein the external
switching elements are connected to a reference ground
potential separately from the first safety switching device.

15. The apparatus of claim 4, wherein the second safety
switching device comprises at least one second input for
receiving a second switching signal, and comprises a logic
unit for logically interconnecting the second switching sig-
nal and the potential-related switching signal.

16. The apparatus of claim 4, wherein the first safety
switching device comprises at least two outputs at which at
least two mutually independent potential-related switching
signals can be produced under the control of the first
evaluation and control unit.

17. A safety switching device for fail-sately disconnecting
an electrical load, having an input for receiving a potential-
related switching signal, having at least two mnput stages for
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evaluating the potential-related switching signal, and having
an output for disconnecting the load as a function of the
potential-related switching signal, wherein the two input
stages are configured to evaluate the potential-related
switching signal redundantly with respect to one another.

18. The safety switching device of claim 17, wherein the
at least two 1nput stages comprise at least two mutually
redundant threshold value comparators for monitoring a
signal level of the potential-related switching signal.

19. The safety switching device of claim 17, wherein at
least one input stage comprises a threshold value comparator
for monitoring a signal level of the potential-related switch-
ing signal, and another input stage comprises a pulse detec-
tor for detecting signal pulses of the potential-related switch-
ing signal.

20. A safety switching device for fail-sately disconnecting
an electrical load, having an evaluation and control unit, an
output and an electronic switching element configured to
produce a potential-related switching signal at the output
under the control of the evaluation and control unit, wherein
the output 1s designed with a single channel output for
connection to a single-channel connecting line.

21. The safety switching device of claim 20, further
comprising a modulator for providing the potential-related
switching signal with a steady-state signal component and a
dynamic signal component.

22. The safety switching device of claim 21, wherein the
steady-state signal component 1s a positive signal level, and
the dynamic signal component 1includes at least one cycli-
cally repeated pulse which changes the positive signal level.

23. The safety switching device of claim 20, further
comprising at least one threshold value comparator having
an 1nput side and an output side, wherein the input side 1s fed
back with the potential-related switchuing signal, and
wherein the output side 1s connected to the evaluation and
control unit.




	Front Page
	Drawings
	Specification
	Claims

